P-lactams (3, 15) . We recently reported on a pneumopathy in France caused by a P. multocida CNP374 isolate highly resistant to benzylpenicillin and aminopenicillins by virtue of 3-lactamase production (12) . In the present work, we investigated the genetic and enzymatic characteristics of this P-lactamase in comparison with those originating from two Pasteurella strains isolated in France from calf lungs: P. multocida CNP418 (LNPB9), which was shown by Livrelli et al. to produce an ROB-1 P-lactamase mediated by a nonconjugative 4.4-kb plasmid (7) , and Pasteurella haemolytica CNP382. A plasmid containing the blaROB1 gene from Haemophilus influenzae F 990, the prototype strain for ROB-1 1B-lactamase (9, 13) , was cloned into the vector pACYC184 (6) . Escherichia coli HB101 containing this plasmid (pMON401) was kindly provided by G. A. Jacoby and was named CNP628 in this study.
By the standard disk agar diffusion assay on MuellerHinton agar (Diagnostics Pasteur) supplemented with 0.1% yeast extract, our human P. multocida strain was resistant to amoxicillin, ticarcillin, sulfonamides, and tetracycline. All strains studied were highly resistant to amoxicillin, ticarcillin (MIC > 1,024 p.gIml), and cephalothin. The combination of a ,-lactamase inhibitor including clavulanic acid, sulbactam, or tazobactam with amoxicillin led to at least a 64-fold decrease in MICs (Table 1) . Clavulanic acid did not reduce the MIC of cefoxitin (4 ,ug/ml).
The P-lactamase activity detected in bacterial sonic extracts by the microacidimetric method using benzylpenicillin as substrate (10) was moderate in Pasteurella strains CNP374 (0.4 mU/mg of protein), CNP382 (1.1 mU/mg of protein), and CNP418 (1.4 mU/mg of protein) and higher in E. coli CNP628 (29 mU/mg of protein). The enzyme was periplasmic in the human isolate, and its synthesis was constitutive (data not shown). As determined by substrate profile, this P-lactamase was similar to ROB-1 enzymes originating from the P. multocida bovine strain and from the H. influenzae reference strain ( Table 2 ). It exhibited a lower rate of hydrolysis for cephaloridine and mezlocillin than for benzylpenicillin and a total inhibition by cloxacillin (1 mM), low amounts of clavulanic acid (1 FLM), and higher concentrations of sulbactam (100 ,uM) but no inhibition by chlorine ions (100 mM). The isoelectric point (pl) of P. multocida CNP374 ,-lactamase (Fig. 1A) , determined by analytical isoelectric focusing on a 7% polyacrylamide gel (10), was estimated by comparison with pl reference P-lactamases to be 8.8, which is identical to that of the reference ROB-1 1-lactamase, with a regression coefficient of 0.99 (Fig. 1B ).
This unusual pl value, notably more alkaline than that of SHV-5 (usually considered to be 8.2), is in agreement with that found by Philippon et al. (10) but is higher than the pl of 8.1 obtained by other authors (6, 9, 13) .
Plasmid contents of human and bovine strains were extracted by an alkaline lysis procedure, purified by cesium chloride-ethidium bromide density gradient, and compared with reference supercoiled plasmids by a 1% agarose gel electrophoresis (8) . All strains harbored a plasmid with a supercoiled form migrating as a 4.3-kb plasmid and a possible open-circle form with the relative mobility of an 8-kb supercoiled plasmid. In the human isolate, a third band likely corresponding to an overtwisted configuration of the 4.3-kb plasmid was visible, as was another plasmid with a 5.2-kb supercoiled form and a very likely open circle form which migrated as a 10-kb supercoiled plasmid form ( Fig. 2A) .
In order to localize the resistance genes of Pasteurella isolates, plasmid DNAs were used to transform E. coli HB101 (8) . Transformants selected on Trypticase soy agar plates containing ampicillin (100 ,ug/ml) exhibited higher resistance to penicillins than the parental strains and were In order to compare the 4.3-kb plasmids of the human P. multocida isolate and P. haemolytica CNP382, plasmid DNAs were cleaved by Sau3A endonuclease and the generated fragments were analyzed by a 1.4% agarose gel electrophoresis using the 1-kb ladder (BRL) as a molecular standard (Fig. 3) . Despite evidences of Sau3A partial digestion, the profile of the unique 4.3-kb plasmid present in the P. haemolytica strain was identified among the profiles of restriction fragments generated from the two plasmids present in the human strain. This similarity strongly suggests t4 '~. (Fig. 2B) , whereas the labeled pACYC184 plasmid used as control did not show homology with any of the plasmid bands (data not shown).
In conclusion, we have examined the first P. multocida strain from a human source that produces a ROB-1 P-lactamase and is therefore resistant to ampicillin, ticarcillin, and narrow-spectrum cephalosporins. This P-lactamase is mediated by a 4.3-kb plasmid that is almost the same size as the 4.4-kb plasmid that was initially observed in animal Actinobacillus pleuropneumoniae and human H. influenzae (9) isolates and was recently observed in bovine and porcine P. multocida and P. haemolytica strains (7) and human Haemophilus strains (2, 11) . Another clinical isolate of P. multocida that produces a ROB-1-type enzyme has since been reported in France (1) . Thus, one may suspect that such strains might spread in humans. The spreading of resistance could occur via two routes: humans could either be infected with a resistant Pasteurella strain originating from animals, mainly pigs or calves, or an endogenous transmission of the resistance plasmid could occur directly in humans, the plasmid in this case probably originating from human species such as H. influenzae and Haemophilus parainfluenzae.
